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Abstract 
Gas scrubbing using aqueous amine solutions is the most promising retrofit option for post combustion CO2 capture today. 
Therefore, new solvents combining favorable characteristics are developed to optimize the overall performance and replace the 
benchmark process with MEA. This work reports absorption rates and CO2 loadings of fresh and regenerated MEA, EDA, AMP 
solutions and EDA-AMP blends under different gas compositions. EDA, AMP and their blend show advantageous characteristics 
during absorption of 100% CO2. However, in presence of SO2 and O2 performance losses occur so that further investigations with 
degradation inhibitors, varied blend concentrations and blends containing other amines are of interest.  
© 2010 Elsevier Ltd. All rights reserved 
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1. Introduction 
The separation of carbon dioxide from fossil fuel fired power plant flue gases becomes more and more essential 
in the mitigation of greenhouse gas emissions. At the moment chemical absorption processes using aqueous amine 
solutions are recognized as the most technically feasible retrofit option for post combustion CO2 capture (PCC) [1]. 
The chemical reaction between amine and CO2 greatly enhances the driving force of the absorption even at low CO2 
partial pressures. In this context aqueous solutions with 30 wt% monoethanolamine (MEA) represent the benchmark 
solvent due to the favorable properties they have shown in the field of acid gas scrubbing (e.g. fast kinetics, high 
absorption capacity, good solubility in water, no toxicity and low price) [2-4]. However, certain effects that appear 
under service conditions (such as degradation, solvent losses, corrosion etc.) can lead to a significant decrease in 
plant performance and a concurrent increase in operating costs. Especially solvent degradation has been recently 
reported as a significant problem in the literature [5-7]. In addition, the reported regeneration energy requirement for 
MEA solutions is relatively high (around 4.2 MJ/ton CO2 [8]), thus endangering the economic viability of the entire 
process. 
Since the selection of the solvent system plays a major role for the performance of the capture process it is crucial 
to test other single amine solutions as well as amine blends for their applicability in PCC. Gas sweetening with 
MEA has been used for more than 70 years now and since then research has been ongoing to find new solvents for a 
commercial use. In previous publications sterically hindered amines and diamines were suggested for utilization in 
gas purification [9, 10]. Steric hindrance inhibits carbamate formation, therefore leading to higher CO2 absorption 
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capacities and lower regeneration energy requirement. Diamines are characterized by high CO2 loadings and fast 
kinetics due to their second amino group. 
This paper reports on testing a new blend containing the sterically hindered amine 2-amino-2-methyl-1-propanol 
(AMP) and the primary diamine 1,2-ethanediamine (EDA). The investigations focus on absorption and regeneration 
behavior, including absorption rates, regeneration efficiencies and solvent stability. The performance of the blend is 
compared to that of single amine solutions of MEA, EDA and AMP.  
2. Experimental Section 
The CO2 absorption and desorption studies have been carried out in a stirred cell reactor and a regeneration 
column which is used for thermal desorption of loaded solutions. A schematic diagram of this experimental setup is 
shown in Figure 1. The gas/liquid-batchreactor is made of glass, has a total volume of 6 l and can be degassed by a 
vacuum pump. The temperature in the cell is controlled by an insulated heating/cooling jacket. Temperature sensors 
for the gas and liquid phase, a pressure transducer for the gas phase and a double stirrer complete the absorption 
apparatus. The regeneration column is also made of glass and offers a vacuum-insulated jacket and a condenser to 
prevent water and amine losses during regeneration. A hemispherical heating mantle is used to boil up the solutions. 
The liquid temperature at the desorber bottom is measured to ensure persistent boiling of the amine solutions. 
Initially, fresh amine solutions with a total amine concentration of 30 wt% are prepared and examined in the 
stirred cell reactor concerning their CO2 absorption rate at a temperature of 40°C. In order to determine the 
experimental absorption rate, a simplified model based on the two-film theory [11] and taking into account the mass 
transfer in case of chemical absorption [12] is used. In this context the pressure change in the reactor can be 
described as: 
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Assuming a pseudo-first order reaction between amine and CO2 and an excess of amine in the liquid bulk the 
solution of this ODE is as follows: 
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Figure 1 Experimental setup for CO2 absorption/regeneration cycles 
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In this function the exponent is summarized to an overall absorption rate b with the unit [1/s]: 
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Hence, the overall absorption rate incorporates the coupling between chemical reaction kinetics and mass 
transport. Calculation of b is carried out with the help of data regression (least-squares fit) from the experimentally 
measured pressure change.  
As a next step the rich solutions are regenerated by heating them to boiling temperature (105-110°C, depending 
on the solvent) for a period of max. 3 hours. After this the lean solutions are cooled down and then the overall 
absorption rate is again determined in the stirred cell reactor. This absorption-regeneration cycle is performed at 
least three times to investigate the stability of the amine solutions. Liquid samples are taken after each step and the 
CO2 concentration is determined using the BaCl2-method and the results are checked against the CO2-balance of the 
batchreactor. The CO2 loadings are then used to calculate regeneration efficiencies. So with this experimental setup 
it is possible to compare the absorbency of fresh amine solution to that of CO2-loaded, regenerated and degraded 
solvents.  
3. Experimental Results and Discussion 
At first the influence of regeneration time on the regeneration efficiency for the reference system 30 wt% MEA 
was investigated. Figure 2 clearly presents the CO2 loading in [mol CO2/mol amine] as a function of regeneration 
time. The value for 0 h of regeneration depicts the rich loading after one absorption run in the stirred cell reactor. It 
can be seen that a regeneration time of 0.5 h leads to a regeneration efficiency of only 50%. With regeneration 
periods longer than 1 h higher efficiencies are obtained. It is also noteworthy that full regeneration of the loaded 
amine solution does not occur. The maximum regeneration efficiency amounts to 83% and is observed after 3 h of 
desorption. For this reason the regeneration time of all subsequent experiments is set to 3 h. 
The dependence of the overall absorption rate b of 30 wt% MEA on the regeneration time is shown in Figure 3. 
In this diagram the overall absorption rate is illustrated as a function of CO2 loading. The fresh unloaded MEA 
solution has the highest overall absorption rate. During the absorption process the CO2 loading is steadily increasing 
whereas the absorption rate is decreasing simultaneously. This relation follows a linear trend. The diagram also 
Figure 2 Effect of regeneration time on lean CO2 loading for 30 wt% MEA loaded with 100% CO2 
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displays that a high lean loading causes a huge drop in initial absorption rate (s.  curve in Figure 3). With lower 
lean loading this drop becomes smaller (s.  curve in Figure 3). This effect is only observed when experiments for 
0.5 h and 3 h regeneration time are compared; the runs with 1 h and 2 h do not differ significantly from the 3 h run 
concerning the decrease in absorption rate, only a slight difference in lean loading is determined. Thus, the 
experiments with 30 wt% MEA reveal a strong influence of high lean CO2 loadings on the overall absorption rate of 
this reference system  
However, this effect seems to be dependant on the type of amine. For solvents containing 30 wt% EDA a similar 
relationship can be observed. In contrast solutions with 30 wt% AMP do not show a drop in overall absorption rate 
after being regenerated, as Figure 4 illustrates. This figure presents the absorption rate as a function of CO2 loading 
for fresh and regenerated 30 wt% aqueous solutions of MEA, EDA and AMP. For the sake of clarity only the curves 
of the 1st regeneration cycle are depicted, as the 2nd and 3rd regeneration do not lead to further significant changes in 
overall absorption rate. From Figure 4 it can be seen that fresh EDA solutions have the highest absorption rate, 
closely followed by fresh MEA. Fresh AMP solutions, however, show a considerably lower absorption rate. 
Extrapolation on the x-axis indicates the highest maximum CO2 loading for EDA to be 0.8 mol CO2/mol  amine, 
thus almost doubling the maximum loading of 0.45 mol CO2/mol amine for MEA. The value for AMP is 
hyperstoichiometric and lies in between at 0.6 mol CO2/mol amine. Again it can be noticed that no complete 
regeneration of the amine solutions is achieved under the desorption conditions described in this work. The 
regeneration efficiency resulting from the rich and lean loadings of the experiments is highest for AMP (88%), 
followed by MEA (80%) and comparatively low for EDA (54%). Although the regeneration efficiencies of MEA 
and EDA solutions are smaller, the absortion rates of the lean solutions still exceed that of AMP. The expectation of 
EDA concerning the maximum loading (2x higher cp. to MEA) is fulfilled, whereas the expectation regarding the 
overall absorption rate (again 2x higher cp. to MEA) remains unfulfilled. One possible reason could be mass 
transport limitation of the absorption rate in EDA solutions. The assumptions for aqueous AMP solutions (e.g. lower 
absorption rate but higher CO2 loading and regeneration efficiency cp. to MEA) have been confirmed. The observed 
absorption and regeneration behavior of the investigated solvents can be linked to the different characteristics and 
reaction mechanisms of primary and sterically hindered amines, as reported in many previous publications in the 
literature [9, 10, 13, 14]. In contrast to MEA AMP is presumed not to build stable carbamates (it is still a 
contentious issue if carbamates are formed at all). This is the reason for the high regeneration efficiency and stability 
of AMP solutions during the cyclic experiments.  
Figure 3 Influence of regeneration time on overall absorption rate for 30 wt% MEA with 100% CO2 
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In order to combine the favorable properties of primary diamines and sterically hindered amines a blend 
containing 15 wt% EDA and 15 wt% AMP is now prepared and investigated. Because it is of great interest for an 
application in PCC, the absorption experiments are carried out with the following gas mixtures: 
 100% CO2 
 95% CO2-5% SO2 
 20% CO2-80% Air (20% CO2-17% O2-63% N2) 
Figure 4 Influence of lean loading on overall absorption rates for different amines with 100% CO2 
Figure 5 Comparison of 30 wt% MEA and 15 wt% EDA-15 wt% AMP under 100% CO2 
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The results for fresh and regenerated EDA-AMP blends in comparison with MEA during absorption of 
100% CO2 are presented in Figure 5. It can be seen that the fresh EDA-AMP blend has a higher overall absorption 
rate and maximum CO2 loading than the reference system with MEA. Surprisingly, the blend shows a clear decrease 
in absorption rate after regeneration, actually dropping under the curve of regenerated MEA solution. Furthermore it 
stands out that the MEA curves follow a steady linear trend while the blend slightly deviates from this relationship, 
especially at the beginning of the absorption process. This points to a more complex order of the absorption reaction 
in the blended EDA-AMP solution.  
The influence of the gas component SO2 on absorption and regeneration performance of MEA and EDA-AMP 
solutions is displayed in Figure 6. The fresh solvents now show similar overall absorption rates; the blend is no 
longer superior to the MEA solution as obtained during absorption of 100% CO2. Again a smooth linear relation 
between absorption rate and CO2 loading can be determined for solution with MEA whereas the EDA-AMP mixture 
differs from this trend. Both regenerated solutions reveal higher lean loadings compared to the studies with 
100% CO2. and the regenerated blend has a lower absorption rate than MEA. The higher lean loadings are most 
likely caused by the simultaneous absorption of the reactive gas component SO2. As SO2 is characterized by a 
higher affinity towards the amino group, some of these groups could be irreversibly blocked. 
Finally, the impact of O2 on absorption and regeneration behavior of MEA and EDA-AMP solutions is illustrated 
in Figure 7. Just like in the runs with SO2, the fresh amine solutions show comparable absorption rates. The values 
of the overall absorption rates are higher due to the lower CO2 concentration in the gas phase. After thermal 
desorption a major drop in absorption rate can be observed for the blend. Surprisingly, such a huge decrease is not 
found in the MEA system. In addition the MEA solution reveals a higher regeneration efficiency than the 
EDA-AMP blend. Increased degradation of one blend component in presence of O2 could be the reason for the 
described performance loss. When comparing Figure 6 and Figure 7, MEA appears to be more prone to 
SO2-induced degradation while oxidative degradation seems to be the main inluence in EDA-AMP blends.  
Figure 6 Comparison of 30 wt% MEA and 15 wt% EDA-15 wt% AMP under 95% CO2-5% SO2 
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From all the presented investigations in this paper it follows that under real service conditions (like the presence 
of O2 or SO2 during CO2 absorption) a performance loss of the amine solution can occur. Some advantages observed 
for EDA-AMP solution with 100% CO2 (as higher overall absorption rate of fresh solution and higher maximum 
loadings) could not be validated for the gas mixtures containing SO2 and O2. So it is necessary to carry out 
additional experiments with different blend compositions, test the influence of degradation inhibitors and study 
blends with other components than EDA and AMP. 
4. Conclusion 
The absorption and regeneration performance of single MEA, EDA, AMP solutions and a blend of EDA-AMP 
have been investigated. For this purpose the overall absorption rate as a function of CO2 loading of fresh and lean 
solutions has been studied at 40°C in a stirred cell reactor with different gas mixtures (CO2, CO2-SO2, CO2-Air). An 
influence of regeneration time on lean loading is found for the reference system MEA. In MEA and EDA solutions 
the lean loading after regeneration causes a drop in absorption rate while in AMP solutions this effect is not 
observed. Under 100% CO2 regenerated EDA and AMP solvents show higher maximum loadings and the absorption 
rate of EDA is comparable to MEA. Fresh EDA-AMP blends are superior to MEA but this is relativized for 
regenerated solutions, especially in the presence of SO2 or O2 a performance drop is noted. MEA appears to be more 
prone to SO2 whereas the EDA-AMP blend seems to be more susceptible to oxidative degradation. 
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Figure 7 Comparison of 30 wt% MEA and 15 wt% EDA-15 wt% AMP under 20% CO2-80% Air 
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Nomenclature 
A = interface     [m²] 
b = overall absorption rate   [1/s] 
D = diffusion coefficient   [m²/s] 
He = Henry’s law constant   [(Pa m³)/mol] 
k = pseudo-first order reaction rate constant [1/s] 
p = CO2 partial pressure   [Pa] 
R = universal gas constant   [J/(mol K)] 
T = temperature    [K] 
t = time     [s] 
V = gas volume    [m³] 
 
MEA = monothanolamine 
EDA = 1,2-ethanediamine 
AMP = 2-amino-2-methyl-1-propanol 
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